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Message from the Director     January 2016  

I am pleased to present the Building Technologies /ÆÆÉÃÅȭÓ -ÕÌÔÉ-Year Program 

Plan for Fiscal Years 2016 through 2020. The Building Technologies Office (BTO) 

leads a network of national laboratory, university, small business, and industry 

partners to develop and deploy innovative, cost-effective energy saving solutions 

for U.S. buildings. 

2ÅÓÉÄÅÎÔÉÁÌ ÁÎÄ ÃÏÍÍÅÒÃÉÁÌ ÂÕÉÌÄÉÎÇÓ ÁÃÃÏÕÎÔ ÆÏÒ ÍÏÒÅ ÔÈÁÎ τπϷ ÏÆ ÔÈÅ ÎÁÔÉÏÎȭÓ 

total energy demand and greenhouse gas emissions, resulting in an annual 

national energy bill totaling more than $430 billion. This multi -year ÐÌÁÎ ÓÅÔÓ ÆÏÒÔÈ "4/ȭÓ ÎÅÁÒ-, mid-, and 

long-term goals for developing new building technologies, stimulating their market deployment, and 

locking in long-term savings through minimum efficiency standards for new construction and new 

appliances and ÅÑÕÉÐÍÅÎÔȢ "4/ȭÓ ÌÏÎÇ-term objective is to reduce the energy use intensity of homes and 

commercial buildings by 50% or more through the application of cost-effective efficiency technologies that 

yield substantial net economic benefits and result in significant reductions in greenhouse gas emissions. 

This plan describes how BTO intends to contribute to the achievement of these long-term objectives over 

the next 5 years and the ways in which it intends to assess its progress. 

The plan provides a broad overview of the energy use in the buildings sector, the opportunities for cost-

effective energy savings, the barriers to their achievement, ÁÎÄ "4/ȭÓ ÓÔÒÁÔÅÇÉÅÓ ÁÎÄ ÇÏÁÌÓ ÆÏÒ ÁÃÈÉÅÖÉÎÇ 

significant reductions in building energy use intensity. The body of the plan ÄÅÓÃÒÉÂÅÓ ÅÁÃÈ ÏÆ "4/ȭÓ 

programs, providing a roadmap for their work over the next 5 years. Each program section reviews the 

ÒÅÌÅÖÁÎÔ ÍÁÒËÅÔ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȟ ÉÎÃÌÕÄÉÎÇ ËÅÙ ÍÁÒËÅÔ ÂÁÒÒÉÅÒÓȟ ÔÈÅ ÐÒÏÇÒÁÍȭÓ ÈÉÓÔÏÒÙȟ ÁÎÄ Á ÄÅÓÃÒÉÐÔÉÏÎ ÏÆ 

the remaining opportunities for energy savings. Next is Á ÄÅÓÃÒÉÐÔÉÏÎ ÏÆ ÅÁÃÈ ÏÆ ÔÈÅ ÐÒÏÇÒÁÍȭÓ ÇÏÁÌÓȟ ÔÈÅ 

strategies used to achieve those goals, and a summary of specific program activities and key targets. BTO is 

committed to annually tracking and reporting its progress toward the achievement of the goals described 

in the plan and to periodically updating the plan itself. 

A draft Multi-Year Program Plan was first released in early October 2015 for public review and comment. 

We received more than 25 substantive comments, most of which expressed broad support for the goals and 

plans set forth in the draft plan. Comments also offered specific recommendations for enhancing the 

effectiveness of these efforts, such as increasing attention to multi-family buildings and miscellaneous 

energy loads, and improving the linkages to the national goals of reducing greenhouse gas emissions and 

electricity grid modernization. The updated plan presented here reflects our consideration of these 

comments, as well as other recent program developments, including increased support for the 

development of alternative refrigerants and transactive control technologies that would enable increased 

integration of buildings and equipment with the power grid.  

Thank you for taking the time to read our multi-year plan to ÂÅÔÔÅÒ ÕÎÄÅÒÓÔÁÎÄ ÏÕÒ ÏÆÆÉÃÅȭÓ ÇÏÁÌÓȟ ÍÅÔÒÉÃÓ, 

and strategies. 

 
Roland Risser 
Director of the Building Technologies Office  
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Executive Summary  

The U.S. Department of Energy (DOE) Building Technologies Office (BTO) is leading a network of 

national laboratory, university, small business, and industry partners to develop innovative, cost-

effective energy saving solutions for U.S. buildings, which are the single largest energy-consuming 

sector in the nation. In 2014, residential and commercial buildings used more than 40% of the 

nÁÔÉÏÎȭÓ ÔÏÔÁÌ ÅÎÅÒÇÙ ÁÎÄ ÍÏÒÅ ÔÈÁÎ χπ% of the electrical energy, resulting in an estimated annual 

national energy bill totaling more than $430 billion.1 Widespread adoption of existing energy-

efficient building technologiesɂand the introduction and use of new technologiesɂcould 

eventually reduce energy use in homes and commercial buildings by 50%. This would save more 

than $200 billion annually and reduce U.S. energy-related greenhouse gas (GHG) emissions by 

about 20% compared to 2010 levels.  

The United States has made significant progress in improving energy efficiency over the last 30 to 

40 years, due in part to the successful efforts of BTO. These efforts have led to game-changing 

achievements, such as transformative new technologies in solid-state lighting, energy saving 

windows, heat pump water heaters, and high-efficiency furnaces and air conditioners. Other 

noteworthy achievements include implementation of energy conservation standards for more than 

60 categories of appliances and equipment, as well as building energy codes leading to more 

efficient homes and commercial buildings. Efficiency gains from these codes and standards will 

result in nearly $1 trillion  in cumulative utility bill savings for U.S. consumers by 2020.2  

BTO is ÏÎÅ ÏÆ ÅÉÇÈÔ ÔÅÃÈÎÏÌÏÇÙ ÏÆÆÉÃÅÓ ×ÉÔÈÉÎ $/%ȭÓ /ÆÆÉÃÅ ÏÆ %ÎÅÒÇÙ %ÆÆÉÃÉÅÎÃÙ ÁÎÄ 2ÅÎÅ×ÁÂÌÅ 

Energy (EERE), which is leading DOE efforts to help build a strong clean energy economy while also 

reducing our reliance on foreign oil, saving families and businesses money, and reducing pollution. 

"4/ȭÓ ×ÏÒË ÉÓ Á key part of the Obama !ÄÍÉÎÉÓÔÒÁÔÉÏÎȭÓ ȰÁÌÌ-of-the-ÁÂÏÖÅȱ ÅÎergy strategy and the 

pÒÅÓÉÄÅÎÔȭÓ Climate Action Plan, contributing  to two of four national energy goals. 3,4 (See text box 

titled  BTO Contributes to National Goals, on page 14).  

BTO focuses on accelerating the pace of innovation in technologies for both existing buildings and 

new construction. BTO also supports public and private sector efforts to make available cost-

effective products and solutions that will greatly reduce energy use, improve building comfort, and 

enhance the services provided to building occupants. With targeted investments and effective 

public and private partnerships in both the new and existing buildings markets, BTO will continue 

to drive innovations to market and raise the bar for energy efficiency. 

                                                             

1 U.S. Energy Information Administration. Annual Energy Outlook 2015 with projections to 2040. DOE/EIA-

0383(2015). Washington, DC: U.S. Department of Energy, April 2015. Accessed January 11, 2016: 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf 
2 Office of Energy Efficiency & Renewable Energy. Appliance and Equipment Standards: History and Impacts. 

Washington, DC: U.S. Department of Energy. Accessed August 19, 2015. 
3 Obama Administration Record on an All-of-the-Above Energy Strategy. Washington, DC: The White House, 

March 2012. Accessed May 8, 2014: 

http://www.whitehouse.gov/sites/default/files/docs/clean_energy_record_0.pdf. 
4 http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf. 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf
http://www.whitehouse.gov/sites/default/files/docs/clean_energy_record_0.pdf
http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf
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"4/ȭÓ visi on is a strong and prosperous America in which all homes and buildings operate at peak 

energy performance, are affordable, and provide optimal health conditions and comfort.  

"4/ȭÓ mission  is to develop, demonstrate, and accelerate the adoption of technologies, techniques, 

tools, and services that are affordable, as well as to enable high-performing, energy-efficient 

residential and commercial buildings in both the new and existing buildings markets. 

This mission requires a multi-pronged strategy to address diverse market, technology, and 

regulatory challenges. "4/ȭÓ strategy, or ecosystem, shown in Figure 1, includes: 

¶ Research and development to reduce cost and improve performance of high-impact 

energy saving technologies 

¶ Market stimulation  activiti es to validate energy-efficient technologies and practices in 

new and existing buildings; reduce risk for builders, building owners and operators, and 

consumers to incorporate new energy-efficient solutions; and spur private-sector 

investments in energy efficiency 

¶ Codes and standards to remove market barriers, lock in lasting energy savings for all 

Americans, and drive further technology innovation. 

 

 

Figure 1. BTO Ecosystem 

 

BTOȭÓ ÅÃÏÓÙÓÔÅÍ functions through five interdependent programs: 

1.   Emerging Technologies (ET) supports research, development, and commercialization of 

high-impact building technologies with substantial potential for reducing primary energy 

consumption and greenhouse gas emissions. 

2.   Residential Buildings Integrati on (RBI) accelerates energy performance improvements 

in existing and new homes by integrating technologies and practices to optimize 

performance in buildings; providing data, design, and decision support tools; and 

partnering with public and private stakeholders to increase adoption of energy efficiency 

services, technologies, and practices. 
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3.   Commercial Buildings Integration (CBI) accelerates energy performance improvements 

in existing and new commercial buildings by demonstrating ÃÏÓÔȤÅÆÆÅÃÔÉÖÅ, high-impact 

technologies to improve building energy performance and operations; partnering with 

market leaders to increase the adoption of these technologies; and providing design and 

management tools and performance data to reduce perceived risks and address market 

barriers that have inhibited wide-scale adoption.  

4.   Building Energy Codes (BEC) accelerates development and adoption of minimum energy 

efficiency requirements in commercial and residential buildings by providing technical 

analyses to support regular upgrades of model building energy codes, and by providing 

technical assistance and reports on the value of more advanced building energy codes to 

support states and municipalities as they adopt and implement them. 

5.   Appliance and Equipment Standards develops and regularly updates energy 

conservation standards for appliances and equipment, ensures the availability of reliable 

and effective test procedures, and enforces standards and labeling through product testing 

and compliance efforts.  

BTO engages with hundreds of internal and external partnersɂincluding national laboratories, 

industry, small businesses, universities, building owners and operators, other DOE offices and 

federal agencies, state and local governments, nonprofits, international organizations, and other 

entitiesɂin planning and executing its diverse portfolio and breaking down market barriers to 

achieve national energy goals.  
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"4/ȭÓ ÏÖÅÒÁÒÃÈÉÎÇ long-term goal is to reduce the energy 

use per square foot of U.S. buildings by 50 % compared to 

2010 levels . Based on current analysis of the building sector 

and BTO program  plann ing, BTO has established a goal of 

reducing  building  energy use intensity ( EUI) 30% by 2030. 5 

To support the achievement of this 2030 goal, each BTO 

program has identified market-focused interim goals: 

¶ Emerging Technologies Program: By 2020, accelerated 

technology development will make available new, cost-

effective technologies capable of reducing the energy use 

of typical buildings by 30% compared to high-efficiency 

technologies available in 2010.6 

¶ Residential Buildings Integration Program:  By 2025, 

improvements in the efficiency of space conditioning and 

water heating in typical single-family homes will reduce 

these energy uses by 40% from 2010 levels. 

¶ Commercial Buildings Integration Program: By 2025, 

actions by market leaders, representing 20% or more of 

the sector, will cut  the energy use of their buildings by at 

least 35% relative to typical commercial buildings in 

2010. 

¶ Building Energy Codes Program: By 2025, 

improvements in the typical design and construction of 

new buildings will be sufficient to reduce their energy 

use by 40% compared to typical new buildings in 2010. 

¶ Appliance and Equipment Standards Program: By 2025, increases in the efficiency of 

new products will cut the energy use per square foot of the buildings sector by at least 20% 

from 2010 levels. 

BTO is committed to tracking its progress toward achieving each of these goals and will  report 

annually the results of these assessments. 

This Multi-Year Program Plan (MYPP) describes the activities that BTO will pursue over the next 5 

years to enable these market outcomes and provide compelling, affordable energy efficiency 

options for our nation's homes and buildings. 

                                                             

5 Building floor area and energy use is assessed using information on the residential and commercial sectors as 

defined by the U.S. Energy Information Administration. More information on the residential sector is at 

http://www.eia.gov/consumption/residential/reports/2009/methodology-square-footage.cfm and on the commercial 

sector here, http://www.eia.gov/consumption/commercial/data/2012/conducted.cfm. 
6 ñ2010 technologiesò are defined as technologies available in 2010 that could, on a life-cycle basis, cost effectively 

save energy in a typical residential or commercial building. 

BTO Contributes to National Goals 

BTOΩǎ ǿƻǊƪ ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ two national 

energy goals: 

¶ Reduce energy-related GHG 

emissions (carbon pollution) 17% 

by 2020 and 83% by 2050 from 

2005 levels 

¶ Double energy productivity 

relative to 2010 by 2030 (100% 

increase) 

U.S. energy productivityτmeasured 

as dollars of gross domestic product 

(GDP) per unit of energyτhas more 

than doubled over the last 40 years,  

in large part due to improved energy 

efficiency. New energy-efficient 

technologies installed in homes and 

buildings will allow the nation to 

continue this progress and produce 

more with less. 
 

Source: ñAccelerate Energy Productivity 

2030.ò US Department of Energy. 

http://energy.gov/epsa/accelerate-energy-

productivity-2030 

  

 

 

http://www.eia.gov/consumption/residential/reports/2009/methodology-square-footage.cfm
http://www.eia.gov/consumption/commercial/data/2012/conducted.cfm
http://energy.gov/epsa/accelerate-energy-productivity-2030
http://energy.gov/epsa/accelerate-energy-productivity-2030
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The U.S. Buildings Landscape 

The strategies and activitiÅÓ ÄÅÓÃÒÉÂÅÄ ÉÎ "4/ȭÓ MYPP are designed to work in the large and 

complex landscape of new and existing residential and commercial buildings in the United States. 7  

Residential Buildings . There are about 114 million households in the United States, and the 

average house size is 1,686 square feet.8 Figure 2 illustrates distinguishing characteristics between 

the existing homes and new construction markets.  

 

Figure 2. Existing and new residential building s market c haract eristics  

 

                                                             

7 Most of the statistics in this document that describe the buildings market are based on the U.S. Energy Information 

Administrationôs Annual Energy Outlook 2015. BTOôs goals analysis is based on analysis of the Annual Energy 

Outlook 2014.  
8 U.S. Energy Information Administration. Annual Energy Outlook 2015 with projections to 2040. DOE/EIA-

0383(2015). Washington, DC: U.S. Department of Energy, April 2015. Accessed January 12, 2016: 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
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As shown above, residential buildings use an estimated 21 quads of total energy.9 Natural gas 

provides more than 5 quads and electricity more than 14 quads of source energy in the residential 

sector.10 Electricity, including the energy lost to generate and deliver it, represents more than 65% 

of residential energy consumption. Figure 3 shows how energy is used in residential buildings.  

 

 

Figure 3. Residential building total energy consumption by end use, 201 4 

Source: Annual Energy Outlook 2015 with Projections to 2040, U.S. Energy Information Administration, April 

2015. 

 

For decades, space heating and cooling (space conditioning) accounted for more than half of all 

residential energy consumption. However, estimates from the U.S. Energy Information 

!ÄÍÉÎÉÓÔÒÁÔÉÏÎȭÓ ɉ%)!ȭ3Ɋ Annual Energy Outlook (AEO) 2015 indicates that space conditioning now 

accounts for only 38% of that energy consumption, as shown in Figure 3. Factors underpinning 

this trend are increases in energy efficiency (more efficient equipment, better insulation, more 

efficient windows, etc.), population shifts to warmer climates, and increased energy use by other 

types of appliances and equipment. The shift in how energy is consumed in homes has occurred as 

per-household energy use has gradually declined since 1980.11 

                                                             

9 U.S. Energy Information Administration. Annual Energy Outlook 2015 with projections to 2040. DOE/EIA-

0383(2015). Washington, DC: U.S. Department of Energy, April 2015. Accessed January 12, 2016: 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf 
10 Electric source energy consumption includes both the value of the kilowatt-hours consumed (retail sales) and the 

energy lost in generation from the EIA 2014 Monthly Energy Review 2014. 
11 U.S. Energy Information Administration, ñHeating and cooling no longer majority of U.S. home energy useò 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf
http://www.eia.gov/todayinenergy/detail.cfm?id=10271&src=‹%20Consumption%20%20%20%20%20%20Residential%20Energy%20Consumption%20Survey%20(RECS)-f1
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While energy used for space conditioning has declined, demand by appliances, electronics and 

other miscellaneous energy uses continues to increase. Although more than 90% of the energy 

used in residences is subject to federal conservation standards and substantial efficiency gains 

have already been made, the increasing number of devices that use energy in homes has offset 

these efficiency gains. For example, in 2009, non-weather-related energy use for appliances, 

electronics, water heating, and lighting accounted for 5.3 quads of site energy,12 up from 4.2 quads 

in 1993.13 

Commercial Buildings . There are about 5.6 million commercial buildings in the United States, 

comprising 87 billion square feet of floor space. From 2003 to 2012, there was a 14% increase in 

the number of buildings (4.9 million in 2003) and a 22% increase in floor space (72 billion square 

feet in 2003).14 Figure 4 illustrates many of the characteristics of the existing and new commercial 

buildings markets. 

 

Figure 4. Existing and new commercial building markets c haracteristics  

 

                                                             

12 U.S. Energy Information Administration, Residential Energy Consumption Survey 2009, Table CE 3.1 
13 U.S. Energy Information Administration, Residential Energy Consumption Survey 1993, Table 5.11 
14 ñU.S. Energy Information Administration.ñ2012 CBECS Preliminary Results.ò Washington, DC: U.S. 

Department of Energy. Accessed September 23, 2014: 

http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm?src=Consumption-b1. 

http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm?src=Consumption-b1
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The commercial building sector is diverse and has disparate sets of energy needs including varying 

types of lighting systems; large-scale appliances; many types of heating, ventilation, and air 

conditioning (HVAC) systems, and more. The 2012 Commercial Buildings Energy Consumption 

Survey (CBECS) shows 14 principal building types (Figure 5). These include small buildings, such as 

freestanding banks or fast food restaurants, and buildings as large and complex as an office building 

with hundreds of tenants or a major airport terminal.  

 

Figure 5. Commercial buildin g types 

Source: U.S. Energy Information Administration. ñ2012 CBECS Preliminary Results.ò Washington, D.C.: U.S. 

Department of Energy. Accessed September 23, 

2014: http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm. 

 

Commercial buildings use an estimated 18 quads of energy, about 18% of all energy used in the 

United States. Electricity provides almost 14 quads of source energy, and natural gas provides 

more than 3 quads; together these account for about 96% of all energy used in commercial 

buildings. Commercial building energy costs were more than $180 billion  in 2014.15 

Figure 6 shows how energy is used in the commercial sector, although energy uses within different 

types of commercial and institutional buildings widely vary. For example, water heating is a major 

end use in hospitals and hotels, but not in offices or retail stores. Hospitals have 24-hour 

operations, while shopping malls and theaters have concentrated energy use periods. Recognizing 

the variation in building use and type helps identify specific opportunities to reduce energy 

demand. As in the residences, energy demand for heating, cooling and lighting commercial 

buildings has been gradually declining, while demand by other categories of energy uses, especially 

those not covered by product efficiency standards, has been gradually increasing. 

                                                             

15 U.S. Energy Information Administration. Annual Energy Outlook 2015 with projections to 2040. DOE/EIA-

0383(2015). Washington, DC: U.S. Department of Energy, April 2015. Accessed January 11, 2016: 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. 

http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
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Figure 6. Commercial building total energy consumption by end use, 201 4 

Source: Annual Energy Outlook 2015 with Projections to 2040, U.S. Energy Information Administration, April 

2015. 
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1.0 Introduction  

1.1 The Opportunity  

Improving the energy efficiency of U.S. homes and buildings presents an enormous opportunity for 

ÔÈÅ ÎÁÔÉÏÎȭÓ families and businesses to lower their energy costs and reduce greenhouse gas (GHG) 

emissions. A considerable amount of energy used in buildings is wasted due to inefficiencies in 

design, materials, equipment, and building operation. We can reduce energy use in existing and new 

buildings through focused efforts to use energy-efficient 

technologies and practices that are already cost effective 

today. We can realize even greater savings by bringing 

new, affordable, cutting-edge technologies and solutions 

into the marketplace, by increasing focus on new 

opportunities in areas such as energy uses not now 

covered by product labels and standards, and by improving 

the interactive management of energy using technologies, 

building systems and the power grid. Such improvements 

in energy efficiency will also contribute to a healthier 

economy and improved productivity by reducing the cost 

of doing business, increasing U.S. economic 

competitiveness, and creating new jobs. 

The potential benefits from increased energy efficiency in 

our homes and buildings are significant. In 2014, 

residential and commercial buildings used more than 40% 

of the nÁÔÉÏÎȭÓ ÔÏÔÁÌ ÅÎÅÒÇÙ ÁÎÄ more than 70% of the 

electrical energy, resulting in a national energy bill of $430 

billion.16 In 2012, Americans spent approximately $2,000 a 

year on average to power their homes. This amounted to 

about 3% of annual household income and was the lowest percentage in 10 years.17 Increased 

energy efficiency has already led to reduced costs. Due to more efficient lighting, heating and 

cooling systems, home appliances, and other products that have resulted from the U.S. Department 

ÏÆ %ÎÅÒÇÙȭÓ ɉ$/%ȭÓ) work on appliance and equipment energy conservation standards, ÔÏÄÁÙȭÓ 

households are paying about $216 less per year than they would have had no standards been 

implemented.18 Building energy codes and other energy efficiency efforts have provided additional 

savings. However, home energy costs can be reduced much further by targeted efforts to spur 

                                                             

16 U.S. Energy Information Administration. Annual Energy Outlook 2015 with projections to 2040. DOE/EIA-

0383(2015). Washington, DC: U.S. Department of Energy, April 2015. Accessed January 12, 2016: 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. 
17 U.S. Energy Information Administration, ñLower residential energy use reduces home energy expenditures as 

share of household income.ò Today in Energy. Washington, DC: U.S. Department of Energy, 2013. Accessed Aug 

2014: http://www.eia.gov/todayinenergy/detail.cfm?id=10891# 
18 U.S. Department of Energy. Saving Energy and Money with Appliance and Equipment Standards in the United 

States. Washington, DC: U.S. Department of Energy, 2015, Updated in 2016.  

BTO Contributes to National 
Benefits 

Improving building energy efficiency 
offers a wide range of national 
benefits for all Americans:  

Protection of the Environment 

Å Reduce GHG emissions and 
energy-related environmental 
damage 
Å Conserve valuable natural 

resources 

Strengthened Economy 

Å Cut energy bills for homes and 
businesses 
Å Increase energy productivity 

Energy Security 

Å Increase flexibility and reliability 
of energy system  
Å Provides alternative to creating 

new infrastructure for traditional 
energy sources 

 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
http://www.eia.gov/todayinenergy/detail.cfm?id=10891
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broader adoption of cost-effective, yet underutilized, technologies that exist today, as well as 

continued efforts to develop and integrate cutting-edge technologies with higher efficiencies.  

The nÁÔÉÏÎȭÓ ÃÏÍÍÅÒÃÉÁÌ ÂÕÉÌÄÉÎÇÓȟ ×Éth an annual energy bill of over $180 billion, also present 

opportunities for significant improvements in energy efficiency. New technologies and practices 

and the cost-effective technologies available today offer large savings for both new and retrofitted 

commercial buildings. These savings directly affect the bottom line for the diverse set of 

commercial buildings in the United States, including schools, hospitals, grocery stores, hotels, and 

office buildings.  

DOEȭÓ Building Technologies Office (BTO) has played a 

major role in ÔÈÅ 5ÎÉÔÅÄ 3ÔÁÔÅÓȭ energy efficiency 

improvements. It was central to driving widespread 

adoption of the first building energy codes in the 1970s, 

establishing efficiency labels and standards for 

appliances in the 1980s, developing and introducing to 

market high-performance windows in the 1990s, and 

more recently, ushering development and adoption of 

transformative new technologies in solid-state lighting 

and high-efficiency rooftop air conditioning (AC) units. 

BTO will continue to partner with public and private-

sector organizations, state and local governments and 

utilities,  to provide higher efficiency products with 

improved performance, improved designs for homes 

and buildings, new approaches for improving existing 

buildings, and better ways to integrate the management 

of our buildings and technologies with the grid to 

increase reliability and cut costs. "4/ȭÓ ×ÏÒË ÉÓ ÃÒÉÔÉÃÁÌ 

to achieving the goals of its parent office, the Office of 

Energy Efficiency and Renewable Energy (EERE), and to 

national goals of doubling energy productivity and 

reducing (GHG) emissions. 

  

EERE and National Goals  

.¢hΩǎ ǿƻǊƪ ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ 99w9 ŀƴŘ 
national goals related to energy 
efficiency, reliability, and productivity; 
and environmental health.  

EERE: 

¶  Goal 3: Improve the energy  
efficiency of our homes, buildings,  
and industries 

¶ Goal 5: Enable the integration of 
clean electricity into a reliable, 
resilient, and efficient grid 

National Goals: 

¶ By 2030, double energy productivity 
relative to 2010  

¶ Reduce energy-related GHG 
emissions 17% by 2020, 26%ς28% by 
2025, and 83% by 2050 from 2005 
levels 
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BTO IS BUILDING ON PAST ACHIEVEMENTS  
The efficiency of new appliances and building components has improved dramatically in recent decades; these 
improvements were driven by research and development (R&D) and market-priming efforts, and solidified with 
federal regulatory actions. 

ω ¢ƻŘŀȅΩǎ ŘƛǎƘǿŀǎƘŜǊǎ ŎƻƴǎǳƳŜ ŀƭƳƻǎǘ пл҈ ƭŜǎǎ ŜƴŜǊƎȅΣ ŎƭƻǘƘŜǎ ǿŀǎƘŜǊǎ use 70% less, air conditioners use 
more than 50% less, and furnaces use 10% less compared to 1990s models. Currently, a typical U.S. 
household saves about $216 per year on energy bills as a result of appliance standards. By 2030, as 
consumers replace old appliances with newer models, they can expect to save $450 annually. 

ω The energy performance of most new residential windows has more than doubled since the 1980s. Double 
panes, low-E glass coatings, insulated frames, improved window construction and installation, and 
standardized testing and labelingτall supported by BTOτhave transformed the windows market. Advanced 
window systems with triple panes, dynamic glazing, and other technologies, are poised for market growth.  

ω R&D in energy-efficient water heating solutions has led to the new electric heat pump water heater (HPWH), 
which does not require new or additional plumbing and electrical connections in homes. One new HPWH 
developed through a BTO-industry partnership uses less than half the energy of a conventional 50-gallon tank 
water heater, and could save a typical U.S. household $320 each year. 

ω In 2011, DOE convened building operators and manufacturers to lay out a high-efficiency performance 
specification, initiating the High-Performance Rooftop Unit (RTU) Challenge to produce units that would cut 
energy use by up to 50% compared to the existing ASHRAE 90.1 standard. Manufacturers quickly responded 
to the challengeτas of January 2016, manufacturers are offering more than 20 RTU models that exceed this 
specification. To stimulate broader adoption of efficient units, DOE initiated the Advanced RTU Campaign, 
through which businesses have upgraded 43,000 units, saving them a combined $37 million annually on their 
energy bills, while cutting carbon pollution by 356 million pounds. 

ω LED bulbs now use 85% less energy than incandescent, and their cost has dropped 90% since 2008. As a 
result, installations of common home LED bulbs increased from 400,000 in 2009 to 78 million in 2014. Total 
LED installations saved consumers $1.4 billion in energy costs and prevented 7.1 million metric tons of CO2 
emissions in 2014 alone. LEDs are projected to reach over 80% of all lighting sales by 2030, saving Americans 
$26 billion per year in electricity costs, while cutting AmerƛŎŀΩǎ ƭƛƎƘǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ōȅ ƴŜŀǊƭȅ ƘŀƭŦΦ 

ω 5h9Ωǎ .ǳƛƭŘƛƴƎ !ƳŜǊƛŎŀ Ƙŀǎ ǇǊƻŘǳŎŜŘ ƳƻǊŜ ǘƘŀƴ млл ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ƘƻǳǎƛƴƎ ƛƴƴƻǾŀǘƛƻƴǎ ŀƴŘ ŀŎŎŜƭŜǊŀǘŜŘ 
the adoption of energy saving technologies. Since 1995, this work has helped households across the nation 
save up to $54 billion and avoid the emissions of 500 million tons of carbon dioxide. 

ω Appliance and equipment energy conservation standards issued from 1987 to 2015 are projected to save 
consumers $1.9 trillion in utility costs, save 127 quads of primary energy and avoid 7 billion tons of carbon 
emissions through 2030. 

ω Building energy codes are expected to save U.S. businesses and consumers 46 quads of primary energy 
between 1992-2040. 

 

Sources: ñReal Prospects for Energy Efficiency in the United States,ò National Academy of Sciences, 2010; ñAppliance 

Success Stories,ò U.S. Department of Energy (DOE), Emerging Technologies, 2011. ñSaving Energy and Money with 

Appliance and Equipment Standards in the United States,ò DOE, 2016. ñRevolution NowéThe Future Arrives for Five 

Clean Energy Technologies ï 2015 Update,ò DOE, Nov. 2015, http://energy.gov/sites/prod/files/2015/11/f27/Revolution-

Now-11132015.pdf. ñBuilding America: Making Real Progress for U.S. Homes,ò DOE, Dec 2015, 

http://energy.gov/sites/prod/files/2015/12/f27/BA_FactSheet_FINAL%20120915.pdf. ñSaving Energy and Money with 

Building Energy Codes in the United States,ò DOE April 2015. 

 

http://energy.gov/sites/prod/files/2015/11/f27/Revolution-Now-11132015.pdf
http://energy.gov/sites/prod/files/2015/11/f27/Revolution-Now-11132015.pdf
http://energy.gov/sites/prod/files/2015/12/f27/BA_FactSheet_FINAL%20120915.pdf
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1.2 Our Approach 

"4/ȭÓ vision is a strong and prosperous America in which all homes and buildings operate at peak 

energy performance, are affordable, and provide optimal health and comfort. 

)Î ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÔÈÉÓ ÖÉÓÉÏÎȟ "4/ȭÓ mission  is to develop, demonstrate, and accelerate the adoption 

of technologies, techniques, tools and services that are affordable and enable high-performing, 

energy-efficient residential and commercial buildings for both new and existing buildings. 

BTO has designed a three-part strategy (Figure 7) to accomplish its mission and realize its vision. 

This strategy targets the technology, market, and regulatory needs that enable emerging energy-

efficient technologies and solutions to achieve substantial, long-lasting energy savings: 

1. Research and development  to reduce technology cost, improve performance, and 

accelerate commercialization. 

2. Market stimulation  to validate energy-efficient technologies and practices in new and 

existing buildings by confirming performance in real-world conditions; provide reliable, 

objective data, best practices, and benchmarks; and develop a skilled workforceɂall to 

reduce uncertainty for investors and spur wide-scale adoption. 

3. Codes and standards to lock in savings for the long term by providing a consistent 

regulatory framework for manufacturers, builders, and consumers, and by driving 

technologies and buildings to greater energy efficiencies. 

 

 

Figure 7. BTO Ecosystem 

"4/ȭÓ ÓÔÒÁÔÅÇÙ ÉÎÔÅÇÒÁÔÅÓ ÉÎÎÏÖÁÔÉÏÎ ×ÉÔÈ ÍÁÒËÅÔ-priming efforts , in cooperation with researchers, 

private and public stakeholders and partners, to accelerate the development and widespread 

adoption of energy saving technologies and practices, maximize benefits, and realize savings in new 

and existing buildings. BTOȭÓ ÅÆÆÏÒÔÓ ÁÒÅ ÔÈÅÎ ÓÏÌÉÄified with federal regulatory action to improve 

minimum product standards and support for state and local actions to strengthen building codes. 

Like an ecosystem, each piece of the BTO framework supports the other pieces, and each are 

equally important. Refrigerators and freezers are one of many technologies that have come a long 
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×ÁÙ ÉÎ ÒÅÃÅÎÔ ÄÅÃÁÄÅÓ ÁÎÄ ÓÅÒÖÅ ÁÓ ÁÎ ÅØÁÍÐÌÅ ÏÆ ÈÏ× "4/ȭÓ ÅÃÏÓÙÓÔÅÍ ÓÔÒÁÔÅÇÙ ÃÁÎ ÒÅÓÕÌÔ ÉÎ 

significant public benefits that continue to increase year after year.

.¢hΩǎ 9ŎƻǎȅǎǘŜƳ ŀǘ ²ƻǊƪ: Improvements in refrigerators were the result of R&D, market 

transformation efforts, voluntary criteria, and federal standards  

In partnership with industry, BTO has led the technological innovation to vastly improve the energy 

efficiency of refrigerators and freezers, saving consumers energy and money, while also allowing for more 

storage space, better design, and upgraded features. BTO R&D technology breakthroughs, such as the 

commercial introduction of a refrigerator compressor in the late 1980s that accomplished a 44% 

improvement in efficiency relative to existing compressors, enabled the commercialization of more energy-

efficient products. Market priming efforts such as the ENERGY STAR® label, partnerships with government 

agencies, utilities, stakeholders, and other initiatives helped to accelerate the adoption of high efficiency 

products. Due to these efforts, coupled with BTO-developed new energy conservation standards for 

household refrigerators, which DOE has now raised three times, refrigeration labels and standards have 

increased in efficiency by 2% per year since 1975. This progression has translated to tremendous savings 

for the nation, as illustrated in the below figure.  

New levels for both the ENERGY STAR label and federal energy conservation standards went into effect for 

household refrigerators in 2014. If all refrigerators met the ENERGY STAR requirement, a 10% efficiency 

increase from previous products, the difference amounts to the equivalent of taking 1 million cars off the 

road and $890 million in energy savings. The federal efficiency standard increase is estimated to save the 

nation close to 4.5 quads over 30 years or three times more than the total energy currently used by all 

refrigeration products in U.S. homes annually. BTO continues to invest in R&D to bring next-generation 

refrigerator technologies to market and to accrue more and more savings. BTO is currently working to 

eliminate the use of high global-warming-potential refrigerants and reduce harmful emissions and to 

develop a variable-capacity refrigerator that uses a linear compressor, which offers the potential to reduce 

energy use by up to 40%. 

 

 
 

 Graph source: U.S. Department of 

Energy. The Proof is in the Pudding: 

How Refrigerator Standards Have 

Saved Consumers $Billions. 

Washington, DC: U.S. Department 

of Energy, 2011. Accessed Sept 23, 

2014: 

http://energy.gov/articles/proof-

pudding-how-refrigerator-standards-

have-saved-consumers-billions 

 
 Source: U.S. Environmental Protection Agency. ENERGY STAR Version 5.0 specification for Refrigerators and Freezers. 

Washington, DC: U.S Environmental Protection Agency, 2013. Accessed Aug. 21, 2015: 

https://www.energystar.gov/ia/partners/product_specs/program_reqs/Refrigerators_and_Freezers_CoverMemo_V5.0.pdf 
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The U.S. housing sector consistently and significantly underinvests in the R&D needed to improve 

home energy performance; R&D funding for construction is about 0.3 percent, or just one tenth of 

the U.S. industry average.19 It can take the housing industry 10ɀ25 years to adopt new technologies 

and techniques without a catalyst like DOE. Even when commercially competitive technologies 

capable of substantially reducing energy and life cycle costs are available, a number of persistent 

market challenges prevent their widespread adoption in both residential and commercial buildings. 

These challenges exist in a complex landscape across a number of industries, including architecture, 

ÃÏÎÓÔÒÕÃÔÉÏÎȟ ÍÁÎÕÆÁÃÔÕÒÉÎÇȟ ÆÉÎÁÎÃÅȟ ÕÔÉÌÉÔÉÅÓȟ ÒÅÁÌ ÅÓÔÁÔÅȟ ÁÎÄ ÒÅÔÁÉÌȢ "4/ȭÓ ÁÐÐroach is designed to 

overcome these market challenges for both new building construction and building improvements. 

Some of the challenges that BTO addresses are (1) the overall fragmentation of the businesses 

serving the buildings sector; (2) lack of reliable information on the energy use and efficiency of 

specific end uses; (3) uncertainties surrounding performance and the perceived risks associated 

with making significant investments in energy efficiency; (4) a lack of mechanisms for establishing 

the market value of more energy-efficient properties; and (5) split incentives between owners and 

occupants of rental properties in both the residential and commercial sectors. The transfer of 

information related to the economics, performance, and benefits of energy-efficient technologies 

and integrated solutions is often slow or unavailable, and the many options and risks are 

overwhelming for both consumers and building professionals.  

With these market challenges in mind, BTO has designed programs that focus on key areas, 

maximizing the benefits and giving appropriate consideration to both the technology and market 

barriers to energy efficiency. Through rigorous technical analysis and an understanding of market 

structure (current trends, barriers, institutions, consumer preferences), and with stakeholder input, 

BTO has identified specific activities and critical targets. "4/ȭÓ ÕÌÔÉÍÁÔÅ ÏÂÊÅÃÔÉÖÅ ÉÓ ÔÏ ÍÏÔÉÖÁÔÅ 

both private and public decision makers to make investments in energy efficiency. 

  

                                                             

19 Wolfe, Raymond M. (2013). Business Research and Development and Innovation: 2008-10 Detailed Statistical 

Tables. NSF 13-332. Arlington, VA: National Center for Science and Engineering Statistics. Accessed September 

24, 2014: http://www.nsf.gov/statistics/nsf13332/pdf/nsf13332.pdf. 

http://www.nsf.gov/statistics/nsf13332/pdf/nsf13332.pdf
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Our Partners . BTO works with many internal and external partners to plan and execute its 

programs. DOE national laboratories provide scientific, engineering, and analytical expertise, as 

well as world-class research facilities. Industry partners share the cost of R&D projects, 

demonstrate and gather data to validate technologies in real-world applications, and bring new 

technologies to the market. State and local governments and utilities make substantial investments 

in energy efficiency, often developing innovative new approaches to building regional clean energy 

economies. State and local governments are primarily responsible for building code adoption and 

implementation, for public utility 

regulation, and have played key roles in the 

weatherization of low-income homes and 

the implementation of many other building 

efficiency programs. For these reasons, 

BTO works closely with cities and states, 

including state energy offices and public 

utility commissions, to advance clean 

energy programs and policies. BTO also 

provides support to private-sector 

partners through initiatives  such as the 

DOE Better Buildings Alliance, which 

promotes energy efficiency in U.S. 

commercial buildings through 

collaboration with almost 200 member 

organizations, representing approximately 

10 billion square feet, including building 

owners, operators, and 

managers. Members agree to participate in 

at least one Alliance activity each year and 

share their successes, while DOE connects 

members with technical resources and 

provides a platform for information  

exchange.  

"4/ȭÓ ÐÁÒÔÎÅÒÓÈÉÐÓ ×ÉÔÈ ÂÕÉÌÄÉÎÇ 

professionals are especially important. 

BTO works with builders, trade 

contractors, and building owners and 

operatorsɂas well as related market 

actors such as finance experts, product 

retailers, and real estate professionalsɂto 

support the market infrastructure for 

energy efficiency. Many of "4/ȭÓ ÐÁÒÔÎÅÒÓ 

are also active participants in the 

Working Together to Improve the Energy 

Performance of Federal Buildings 

BTO works with FEMP to demonstrate advanced 

technologies and share best practices, tools, and 

resources to reduce building energy use in our 

nŀǘƛƻƴΩǎ ŦŜŘŜǊŀƭ ōǳƛƭŘƛƴƎǎΦ 9ȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜΥ 

¶ The Technology Performance Exchange is a 

jointly developed web-based portal in which 

manufacturers, utilities, researchers, and 

consumers share data on the performance of 

energy efficiency products such as photovoltaic 

modules, lamp ballasts, and advanced rooftop 

air conditioning units.  

¶ The Better Buildings Alliance Advanced Rooftop 

Unit (RTU) Campaign encourages federal 

agencies to replace or retrofit old RTUs with 

more efficient units. Older RTUs can waste from 

$1,000 to $3,700 annually, depending on 

building size and type. In one project, the 

National Renewable Energy Laboratory (NREL) 

worked with the Navy at Joint Base Pearl Harbor-

Hickham in Hawaii to retrofit nine RTUs that 

serve the Naval Exchange store, as well as two 

that serve small office buildings. Together, the 

retrofits are projected to achieve an annual 

savings of 100 megawatt-hours (MWh), with the 

system paying for itself in the fifth year. Future 

replacement projects are expecting net energy 

savings of 120 MWh, with a simple payback of 3 

years. These new systems also lowered the 

relative humidity levels inside the buildings and 

improved occupant thermal comfort.  
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regulatory processes that lead to new building codes and product standards.  

Internally, BTO collaborates with its sister offices in EERE and with other DOE offices to address 

cross-cutting energy needs. Within EERE, BTO works closely with the Federal Energy Management 

Program (FEMP) to bring advanced, energy efficient technologies and practices to market and to 

lead by example by installing such solutions in federal buildings. As part of the EERE goal to enable 

the integration of clean electricity into a reliable, resilient, and efficient grid, BTO works with the 

Solar Energy Technologies Office and the Vehicle Technologies Office. Together, EERE offices 

collaborate with utilities and other stakeholders to design and develop approaches and tools that 

will seamlessly integrate technologies into the nation's electric grid and provide timely information 

about building system interactions to enable better decision-making and optimize building 

performance.  

As interdependencies among energy infrastructures continue to increase and communication 

networks across the energy system become necessary, integrating technologies and buildings into 

the power system at scale is a key step to reducing wasted energy. For example, intermittent 

and/or variable generation sources, such as photovoltaic (PV) systems, as well as new load sources, 

such as electric vehicles, are being installed on the grid in increasing numbers and at more 

distributed locations. To account for and fully utilize those increased, diversified, and dispersed 

loads, efficient transactions between buildings and the grid need to become a commercial reality.  

BTO and EERE also work with other federal 

offices like the $/%ȭÓ Office of Electricity Delivery 

and Energy Reliability to modernize energy 

infrastructure and to overcome barriers to 

integrating energy-using appliances and 

equipment into grid management systems via 

interoperable communication networks using 

advanced sensors and transactive controls. 

Better integrating building energy use with the 

electric grid will  benefit both consumers and the 

power grid by improving reliability, cutting costs 

and enabling greater reliance on variable sources 

of renewable power generation. 

Additionally, BTO works alongside %%2%ȭÓ 

Advanced Manufacturing Office (AMO) on various 

cross-cutting initiatives related to advanced 

manufacturing processes, technologies and 

critical materials and their alternatives. BTO and 

AMO work together as part of coordinated multi-

agency effort to improve and apply new materials 

for advanced manufacturing.20 These efforts 

                                                             

20 http://manufacturing.gov/welcome.html 

The Future of 3D Printing in Buildings and 

Manufacturing 

Additive manufacturing methods, often called 

άо5 ǇǊƛƴǘƛƴƎΣέ ŀǊŜ ǇǊƻƳƛǎƛƴƎ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ 

rapid prototyping of building components and 

even building structures, as well as tooling for 

the fabrication of parts with complex 

geometries. DOE is working with the AMO, the 

national labs, and other public and private 

partners to explore how manufacturing 

approaches can be used in technologies and 

buildings to improve design or reduce costs. For 

example, 3D printing can be used to reduce 

tooling inventory and build custom protective 

forms for costly tools; build sand casts of 

complex components that reduce engineering 

risk; and create custom façade elements with 

unique shapes used in framing and fenestration, 

doors, and other building penetrations.   

 

 

 

http://manufacturing.gov/welcome.html
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enable the discovery, development and deployment of transformative advanced materials ɀ greatly 

reducing the time and cost to bring materials from the lab to the market.21 BTO also works with 

AMO to increase energy efficiency in the manufacturing sector including the development of 

combined heat and power technologies and other distributed energy generation systems and the 

implementation of the global facility energy management standard, ISO 50001. Other project areas 

include development of improved heat exchangers, more effective insulation, exploration of 

additive manufacturing approaches and alternative refrigerants with zero or no global warming 

potential (GWP). 

In coordination with  the Council on Environmental Quality and the U.S. Environmental Protection 

Agency (EPA), DOE has recently increased its support for the development of alternative 

refrigerants as well as non-vapor compression technologies that would enable the elimination of 

refrigerants and the reduction of greenhouse gas emissions.   

BTO also works with the Advanced Research Projects Agency ɀ Energy (ARPA-E) to leverage 

significant applied materials and other research on emerging, energy efficient building 

technologies.  

To help drive the market adoption of new technologies, BTO works with the EPA to implement 

ENERGY STAR® programs and develop related test procedures and specifications. BTO also 

partners with the U.S. Department of Housing and Urban Development (HUD) to design and 

develop financial solutions that lead to affordable, quality, energy efficient homes and sustainable 

communities. In addition, BTO provides technical expertise and resources to the U.S. General 

Services Administration, the U.S. Department of Defense and other agencies involved with  the 

installation of high-impact technologies to save energy and money in U.S. military or federal 

operations, services and buildings.  

BTO engages with the international community when appropriate to collaborate on technology 

development, facilitate information exchanges among experts worldwide and to prime global 

markets for clean energy products and services from the United States. 

"4/ȭÓ ÐÁÒÔÎÅÒÓÈÉÐÓ ÅÎÓÕÒÅ that public- and private-sector resources and expertise are aligned, 

leveraged, and targeted to address the most important technical and market barriers, advance 

energy efficiency in the building sector, and realize economic and societal benefits.  

  

                                                             

21 The scope of R&D related to building materials is currently being developed.  
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DOE National Laboratories: Strategic Partners to BTO 

National laboratories are particularly important partners to BTO. These unique national resources offer 
expertise, capabilities, and state-of-the-ŀǊǘ ŦŀŎƛƭƛǘƛŜǎ ƛƴ ŀǊŜŀǎ ŎǊƛǘƛŎŀƭ ǘƻ ŀŎƘƛŜǾƛƴƎ .¢hΩǎ ƎƻŀƭǎΦ .¢hΩǎ ƛƴǾŜǎǘƳŜƴǘǎ 
are concentrated in four of the national labs:  

Lawrence Berkeley National Laboratory (LBNL) collaborates with BTO through its Environmental Energy 
Technologies Division, which conducts R&D aimed at accelerating deployment of efficient technologies and 
building systems to drive energy savings of up to 30% in commercial and residential buildings. LBNL is enhancing 
5h9Ωǎ Building Performance Database and related data analysis, disclosure, and decision support tools, as well 
as energy modeling tools, such as 5h9Ωǎ ƛƴŘǳǎǘǊȅ-leading open-source whole-building energy simulation engine 
EnergyPlusϰ ŀƴŘ ǘƘŜ ¢I9wa ƘŜŀǘ-transfer modeling tool for wall and window assemblies. The lab also supports 
the development and advancement of novel window technologies, as well as autonomous agent applications for 
transactive controls applied to lighting and whole-building efficiency and savings evaluation. LBNL also works 
with BTO to improve indoor air quality and ventilation in homes through the Building America effort. LBNL 
conducts engineering and economic analyses to inform new energy conservation standards, develops product 
test procedures, and supports certification and enforcement. FLEXLAB is a new facility at LBNL that consists of a 
set of test beds and simulation platforms for R&D; testing; and demonstration of low-energy building 
technologies, control systems, and integration.  

National Renewable Energy Laboratory (NREL) develops market-relevant science, technologies, and analytical 
tools that leverage unique facilities and partnerships. A key emphasis is developing and integrating technologies 
to enable buildings to achieve zero- or near zero-ŜƴŜǊƎȅ ǎǘŀǘǳǎΦ bw9[Ωǎ ǎŎƛŜƴǘƛǎǘǎ ŀƴŘ ŜƴƎƛƴŜŜǊǎ ǇŀǊǘƴŜǊ ǿƛǘƘ 
industry to develop and test technologies and materials for windows, HVAC systems, plug loads, and sensors to 
yield market-ready products. NREL's campus has several buildings that are zero-energy and/or have received 
Leadership in Energy and Environmental Design (LEED) Platinum certifications. The Energy Systems Integration 
Facility enables NREL to study how to integrate systems (e.g., smart appliances, electric vehicles, building 
controls, integrated renewables) to increase building energy efficiency. NREL also designs, develops, and applies 
whole-building energy modeling tools, such as 9ƴŜǊƎȅtƭǳǎϰ and OpenStudio®, an open-source software 
development kit for EnergyPlus. 

Oak Ridge National Laboratory (ORNL) brings cost-effective building technologies to market by applying multi-
disciplinary science and technology expertise and state-of-the-art facilities to Cooperative Research and 
DeveloǇƳŜƴǘ !ƎǊŜŜƳŜƴǘǎ ό/w!5!ǎύ ǿƛǘƘ ƛƴŘǳǎǘǊȅΦ hwb[Ωǎ /w!5! ǎǘǊŀǘŜƎȅ ǇǊƻǾƛŘŜǎ ŀƴ Ŝŀǎȅ ƳŜŀƴǎ ŦƻǊ ƛƴŘǳǎǘǊȅ 
ǘƻ ŜƴƎŀƎŜ ǿƛǘƘ .¢hΦ Lǘ ŀƭǎƻ ŀƭƭƻǿǎ ǘƘŜ ƭŀō ǘƻ ōŜƴŜŦƛǘ ŦǊƻƳ ƛƴŘǳǎǘǊȅΩǎ ōǳǎƛƴŜǎǎ ŘƛǎŎƛǇƭƛƴŜ ŀƴŘ ƳŀǊƪŜǘ ƪƴƻǿƭŜŘƎŜΣ 
and helps keep the research commercially relevant by translating science into technology and then into energy-
saving ƳŀǊƪŜǘ ǇǊƻŘǳŎǘǎΦ hwb[Ωǎ .ǳƛƭŘƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎ wŜǎŜŀǊŎƘ ŀƴŘ LƴǘŜƎǊŀǘƛƻƴ /ŜƴǘŜǊ ό.¢wL/ύ ƛǎ ŀ 5h9-
designated National User Facility that has drawn users from more than 100 industry and university partnerships. 
BTRIC is a world-renowned center for building energy efficiency research by sustaining technical leadership for 
more than 30 years in its core capabilities in HVAC; water heating and appliances; building envelope; and 
system/building integration, including sensors and advanced control systems, modeling, and use of whole 
research buildings to validate emerging building energy efficiency technologies. 

Pacific Northwest National Laboratory (PNNL) contributes core capabilities to BTO in lighting and transaction-
based and advanced controls, including technology development and market stimulation approaches. PNNL 
contributions have accelerated market penetration for solid-state lighting from two niche applications in 2003, to 
nine product categories in 2013 covering most market applications, and have identified more than 10 new 
control technologies that, if demonstrated to be cost-effective, could reduce commercial building energy 
consumption by 20ς30%Φ tbb[ ŀƭǎƻ ǎǳǇǇƻǊǘǎ .¢hΩǎ ǊŜƎǳƭŀǘƻǊȅ ŀŎǘƛǾƛǘƛŜǎΦ ¢ƘŜ ƭŀō Ƙŀǎ ƘŜƭǇŜŘ .¢hΩǎ .ǳƛƭŘƛƴƎ 
Energy Codes Program achieve more than 4 quads of savings (1992 through 2012), an estimated return on 
investment of $400 in consumer energy saviƴƎǎ ǇŜǊ Ϸм ƻŦ .¢h ŦǳƴŘǎΦ tbb[Ωǎ ŀƴŀƭȅǘƛŎŀƭ ŜȄǇŜǊǘƛǎŜ ƛƴ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ 
Appliance and Equipment Standards Program has enabled energy conservation standards that will save an 
estimated 16 quads of energy over the life of the regulated equipment. 
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1.3 Our Programs  

BTO works to achieve its goals through five interdependent programs. These programs implement 

a broad portfolio of activities that drive the research, development, and commercialization of cost-

effective, energy-efficient technologies and practices; provide information and tools that encourage 

private and public investment; and lock in energy savings achievements through support of 

building energy codes and development of energy conservation standards for appliances and 

ÅÑÕÉÐÍÅÎÔȢ "4/ȭÓ ÆÉÖÅ ÐÒÏÇÒÁÍÓ include: 

¶ Emerging Technologies (ET) supports research, development, and commercialization of 

high-impact building technologies and tools with substantial potential for reducing primary 

energy consumption and greenhouse gas emissions, including solid-state lighting, HVAC 

systems, windows and building envelope, sensor and controls, and building energy 

modeling. 

¶ Residential Buildings Integration  (RBI) accelerates energy performance improvements in 

existing and new homes by integrating technologies and practices to verify and optimize 

performance in buildings; providing data, design, and decision support tools; and 

partnering with public and private stakeholders to increase adoption of energy efficiency 

services, technologies, and practices.  

¶ Commercial Buildin gs Integration  (CBI) accelerates energy performance improvements 

in existing and new commercial buildings by demonstrating ÃÏÓÔȤÅÆÆÅÃÔÉÖÅ, high-impact 

technologies to improve building energy performance and operations; partnering with 

market leaders to increase the adoption of those technologies; and providing design and 

management tools and performance data to reduce perceived risks and address market 

barriers that have inhibited wide-scale adoption. 

¶ Building Energy Codes (BEC) accelerates development and adoption of minimum energy 

efficiency requirements in commercial and residential buildings by providing technical 

analyses to support regular upgrades of model building energy codes and by providing 

technical assistance and reports on the value of more advanced building energy codes to 

support states and municipalities as they adopt and implement them. 

¶ Appliance and Equipment Standards  develops and regularly updates energy conservation 

standards for appliances and equipment, ensures the availability of reliable and effective 

test procedures, and enforces standards and labeling through product testing and 

compliance efforts. 
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1.4 Our Goals 

"4/ȭÓ ultimate goal is to reduce the average energy use per square foot of all U.S. buildings 

by 50% from 2010 levels .22 Reducing the building energy use per square foot, or energy use 

intensity (EUI), directly supports achievement of the U.S. national goals of reducing energy-related 

'(' ÅÍÉÓÓÉÏÎÓ ÁÎÄ ÄÏÕÂÌÉÎÇ ÅÎÅÒÇÙ ÐÒÏÄÕÃÔÉÖÉÔÙȢ "4/ȭÓ ÅÆÆÏÒÔÓ ÔÏ ÒÅÄÕÃÅ ÔÈÅ %5) ÏÆ ÂÕÉÌÄÉÎÇÓ ×ÉÌÌ 

also have other environmental benefits, help conserve valuable natural resources, and strengthen 

the U.S. economy by improving the productivity of businesses and helping families save money. 

While reductions in EUI are probably the best indicator of the benefits resulting BTO programs, 

certain BTO technologies and activities are aimed at supporting the achievement of other 

objectives, such as improving indoor air quality, developing substitutes for refrigerants with high 

global warming potentials, and enabling the integration of buildings in utility grid demand response 

systems. To ensure that these multiple benefits of BTO programs are appropriately highlighted, 

                                                             

22 Energy use per square foot refers to primary energy. 

The Federal Role 
BTO follows EERE principles in designing its portfolio to make a significant impact in transforming the 
building energy landscape and maximizing the value it delivers to the taxpayer. BTO prioritizes its 
ǿƻǊƪ ǳǎƛƴƎ 99w9Ωǎ five core questions.  

Is this a high-impact problem?  
BTO focuses on technologies, tools, and practices that have the highest possible impact on building 
energy use and that contribute to national goals. 

Will EERE funding make a large difference relative to existing funding from other sources, 
including the private sector?  
BTO ensures its investments have a meaningful additional impact beyond funding from the private 
sector and other sources, and avoids investing in areas where other sources of fundingτespecially 
from the private sectorτare significant relative to the levels of funding that BTO could provide.  

Are we focusing on the broad problem we are trying to solve and open to new ideas, approaches, 
and performers?  
.¢hΩǎ work is guided by comprehensive long-term roadmaps that are created in collaboration with 
its key stakeholders. BTO also creates and sustains an internal culture that is receptive to new 
solutions and new partners. BTO regularly updates its roadmaps and provides mechanisms to quickly 
bring promising new approaches into its portfolio.  

How will funding result in enduring economic impact for the United States?  
As a steward of taxpayer funds, BTO develops strategic approaches to ensure that the technologies 
and solutions it supports enable long-term economic benefits to the country. 

Why is this investment a necessary, proper, and unique role of government rather than something 
best left to the private sector to address?  
The U.S. private sector is the primary engine that drives the transition to a national clean energy 
economy. BTO focuses its investments on topics and activities where there is a unique federal role 
to maximize its impact.  
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DOE intends to also use metrics other than EUI and to periodically track and report progress based 

on those metrics.     

"4/ȭÓ ÆÏÃÕÓ ÏÎ ÒÅÄÕÃÉÎÇ ÂÕÉÌÄÉÎÇ ÓÅÃÔÏÒ %5) ÉÓ ÁÌÉÇÎÅÄ ×ÉÔÈ ÔÈÅ ÇÏÁÌÓ ÓÔÁÔÅÄ ÉÎ %%2%ȭÓ ςπρφ-2020 

Strategic Plan.23 3ÐÅÃÉÆÉÃÁÌÌÙȟ "4/ ÓÕÐÐÏÒÔÓ %%2%ȭÓ ÇÏÁÌÓ ÔÏ ȰÉÍÐÒÏÖÅ ÔÈÅ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÏÆ ÏÕÒ 

homes, buildings, ÁÎÄ ÉÎÄÕÓÔÒÉÅÓȱ ÁÎÄ ȰÅÎÁble the integration of clean energy into a reliable, 

resilient, and efficient electricity grid.ȱ "4/ ÓÕÐÐÏÒÔÓ Á ÎÕÍÂÅÒ ÏÆ ÓÕÃÃÅÓÓ ÉÎÄÉÃÁÔÏÒÓ ÕÓÅÄ ÔÏ ÔÒÁÃË 

ÐÒÏÇÒÅÓÓ ÔÏ×ÁÒÄ %%2%ȭÓ ÇÏÁÌÓȢ 4ÈÅÓÅ ÉÎÄÉÃÁÔÏÒÓ ÁÒÅ ÄÒÁ×Î ÆÒÏÍ "4/ȭÓ ÉÎÔÅÒÉÍ ÍÁÒËÅÔ ÇÏÁÌÓȟ ×ÈÉÃÈ 

are described below. 

Achieving "4/ȭÓ ÕÌÔÉÍÁÔÅ goal will require accelerated technology development, market stimulation 

for adoption of technologies and solutions, and more energy-efficient codes and standardsɂthe 

ÅÌÅÍÅÎÔÓ ÏÆ "4/ȭÓ ÅÃÏÓÙÓÔÅÍȢ To ensure that all BTO activities align with this goal and to enable 

BTO to track progress toward achieving it, BTO has developed an integrated goals framework 

underpinned by rigorous analysis. 

"4/ȭÓ ÇÏÁÌÓ ÆÒÁÍÅ×ÏÒË ÈÁÓ ÔÈÒÅÅ ÉÍÐÏÒÔÁÎÔ ÅÌÅÍÅÎÔÓ: 1) a single baseline year, 2) a tiered 

structure, and 3) a primary metric. 2010 is the baseline year for these goals. The tiered structure 

includes program performance goals (largely focused on 2020), interim market outcome goals for 

ςπςυȟ ÁÎÄ ÓÅÃÔÏÒÁÌ ÏÕÔÃÏÍÅ ÇÏÁÌÓ ÆÏÒ ςπσπȢ "4/ȭÓ ÃÏÍÍÏÎ ÍÅÔÒÉÃ ÉÓ %5)ȟ ÍÅÁÓÕÒÅÄ ÁÓ ÐÒÉÍÁÒÙ 

energy use per square foot of building space. 

1.4.1 Goals Hierarchy 

The sections below and Figure 8 describe the hierarchy of goals.  

 

Figure 8. Elements of BTO's goals hierarchy  

                                                             

23 http://energy.gov/eere/downloads/eere-strategic-plan 

http://energy.gov/eere/downloads/eere-strategic-plan
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1.4.2 Sectoral Outcome Goals 

"4/ȭÓ ËÅÙ ÓÅÃÔÏÒÁÌ ÇÏÁÌ ÉÓ ÔÏ ÒÅÄÕÃÅ ÔÈÅ ÁÖÅÒÁÇÅ ÅÎÅÒÇÙ ÕÓÅ ÐÅÒ ÓÑÕÁÒÅ ÆÅÅÔ of all U.S. buildings by 

30% by 2030. To set a fixed target that can be used to track progress over a number of years, BTO 

considered a variety of scenarios from the U.S. Energy Information AdministrationȭÓ ɉEIA) 2014 

Annual Energy Outlook24 and the potential impacts of BTO and other efforts directed at accelerating 

the development and deployment of energy-efficient building technologies. Based on this 

preliminary assessment, BTO determined that a 30% sector-wide reduction in average EUI is an 

ÁÍÂÉÔÉÏÕÓ ÂÕÔ ÁÃÈÉÅÖÁÂÌÅ ÔÁÒÇÅÔȢ 4ÈÉÓ ÔÁÒÇÅÔ ÆÏÒÍÅÄ ÔÈÅ ÂÁÓÉÓ ÏÆ "4/ȭÓ ÔÉÍÅ-bound sectoral outcome 

analysis. As illustrated in Figure 9, with a 2010 baseline of 147 kBtu/ft2 (the average energy use of 

all residential and commercial buildings), the 2030 target is 103 kBtu/ft2.  

 

 

Figure 9. Building s ector EUI (2010 -2030) and the BTO 2030 goal 

Source: Annual Energy Outlook 2014 with Projections to 2040, U.S. Energy Information Administration, April 

2014. 

 

To achieve this reduction in the average energy use intensity of all buildings, all major segments of 

the sector will have to realize substantial gains in energy efficiency, including both new and existing 

residential and commercial buildings. However, the achievable gains in each of these four sub-

                                                             

24 Most of the statistics in this document that describe the buildings market are based on the U.S. Energy 

Information Administrationôs Annual Energy Outlook 2015. BTOôs goals analysis is based on several scenarios 

from the Annual Energy Outlook 2014 including the ñReferenceò case and the ñExtended Policy,ò ñHigh 

Technologyò and the ñBest Available Demand Technologyò side cases. The 2015 Annual Energy Outlook, while 

more recent, did not have any of the three side cases produced for the 2014 Annual Energy Outlook. 
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sectors will likely vary significantly. Figure 10 shows a breakdown of these sub-sectors and the 

2030 targets that will reduce sector-wide EUI by 30%. 

 

 

Figure 10. Sub-Sector targets for 2010 -2030  

 

Reductions in building sector EUI are the best indicators of the success of most BTO programs. 

However, trends in primary EUI, as reported by EIA, do not capture all of the benefits of BTO 

programs, nor are they the only useful indicator of progress toward important national objectives, 

such as reducing greenhouse gas emissions. Because EIA uses fossil fuel equivalents in accounting 

for grid-connected renewable energy used in buildings, primary EUI trends will not accurately 

reflect the contribution of renewables (and other technologies) to the gradual de-carbonization of 

electric sector. For these reasons, BTO plans to track and report other key metrics as well, such as 

the carbon-intensity of building sector energy use and trends in the use of high GWP refrigerants.   

1.4.3 Interim Ma rket Outcome Goals 

4ÈÅ ÉÎÔÅÒÉÍ ÍÁÒËÅÔ ÇÏÁÌÓȟ ÍÏÓÔ ÏÆ ×ÈÉÃÈ ÁÒÅ ÓÅÔ ÆÏÒ ςπςυȟ ÁÒÅ Á ÃÒÉÔÉÃÁÌ ÅÌÅÍÅÎÔ ÏÆ "4/ȭÓ ÇÏÁÌÓ 

framework and mark ÔÈÅ ÐÁÔÈ×ÁÙ ÔÏ "4/ȭÓ ςπσπ ÓÅÃÔÏÒÁÌ ÏÕÔÃÏÍÅ ÇÏÁÌÓȢ 7ÈÅÎ ÃÏÍÂÉÎÅÄȟ ÔÈÅ ÇÏÁÌÓ 

ÐÒÅÓÅÎÔ Á ÈÏÌÉÓÔÉÃ ÐÉÃÔÕÒÅ ÏÆ "4/ȭÓ ÏÖÅÒÁÌÌ ÍÉÄ-term objectives. The interim market goals serve as a 

ÂÒÉÄÇÅ ÂÅÔ×ÅÅÎ "4/ȭÓ ÌÏÎÇÅÒ term sectoral goals and its numerous program performance goals. 

7ÈÉÌÅ "4/ 0ÒÏÇÒÁÍÓȭ ÅÆÆÏÒÔÓ ÁÒÅ ÅØÐÅÃÔÅÄ ÔÏ ÍÁËÅ ÓÕÂÓÔÁÎÔÉÁÌ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÔÏ ÅÁÃÈ ÏÆ ÔÈÅ ÉÎÔÅÒÉÍ 

market goals, many other market actors will also play important roles in achieving them. Additional 

information on how each interim market goal was developed can be found in the various program 

sections in this Multi -Year Program Plan.  
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Emerging Technologies 

"4/ȭÓ %4 Program focuses on accelerating the development of more energy-efficient technologies 

for the buildings sector. By 2020, accelerated technology development will make available cost-

effective technologies capable of reducing the energy use of typical buildings by 30% compared to 

high-efficiency technologies available in 2010. In the longer term, by 2030, continued technology 

development will make available cost-effective technologies capable of cutting building energy use 

by 45%.  

Because the ET Program is focused on accelerating technology development, the baseline for the 

goal is derived from the cost-effective high-efficiency technologies available in 2010. 25 BTO will 

determine progress toward achievement of the market outcome goals through annual assessments 

of improvements in the performance of cost-effective building technologies. Continual 

improvements in the performance and cost-effectiveness of building technologies will be key to the 

ÁÃÈÉÅÖÅÍÅÎÔ ÏÆ "4/ȭÓ ÓÅÃÔÏÒÁÌ ÇÏÁÌÓ ÆÏÒ ςπσπ ÁÎÄ ÂÅÙÏÎÄȢ  

 

Residential Buildings Integration  

The RBI Program contributes to the achievement of an interim market goal focused on reducing the 

energy used for space conditioning and water heating in single-family homes. The RBI market 

outcome goal focuses on those segments of the residential sector that offer the largest 

opportunities for energy savings and are largely unaddressed by other BTO efforts. Single-family 

                                                             

25 ñ2010 technologiesò are defined as technologies available in 2010 that could, on a life-cycle basis, cost-effectively 

save energy in a typical residential or commercial building. 

.¢hΩǎ ET Interim Market Goal 

How was the goal developed?   

BTO established this goal by:  

¶ Examining ENERGY STAR® 2010 product specifications, which reflect cost-effective, energy-efficient 

technologies on the market in 2010 

¶ Examining ET Program 2020 technology performance targets, which reflect cost-effective, energy-

efficient technologies BTO expects to be on the market in 2020 

¶ Calculating the energy savings and weighting them based on the energy profiles of building types in 

the United States to create an aggregate energy savings projection 

How will BTO assess progress? 

BTO will track the commercialization of technologies and assess their performance. BTO plans to use the 

building energy modeling programs EnergyPlusϰ and OpenStudio® to estimate the combined performance 

of these technologies in a variety of building and climate situations. These results will be weighted based 

on the most recent EIA data on U.S. building types.  
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homes represent more than 80% of the residential building floor area and energy use.26 Heating, 

cooling and water heating account for more than half of all energy use in the sector, and the 

potential energy savings associated with these end uses is more than 70% of the total energy 

savings potential available in the sector in 2030. 

The 2025 market outcome goal is to improve the efficiency of space conditioning and water heating 

in typical single-family homes and reduce these energy uses by 40% from 2010 levels. This market 

outcome goal is comprised of two 2025 goals for the existing and new homes market: 

¶ A 35% energy use intensity reduction in the heating, cooling, and water heating end uses in 

existing  single-family homes.  

¶ Cost-effective design and construction of new  single-family homes that will consume 50% 

less energy per square foot for heating, cooling, and water heating relative to typical homes 

in 2010. 

Commercial Buildings Integration  

The CBI Program contributes to a 2025 market outcome goal focused on improving the 

performance of buildings in partnership with market leaders, which represent the top 20% of all 

commercial buildings (as measured on a square foot basis). Market leaders represent the segment 

of the market with the most energy-efficient buildings and play a vital role in the diffusion of 

technologies and innovative energy efficiency strategies. By successfully building the early adopter 

market for energy-efficient commercial buildings, CBI efforts are expected to accelerate adoption of 

these technologies and practices by the rest of the commercial sector.  

To meet the 2025 market outcome goal, actions by market leaders will cut  energy use per square 

foot of their buildings by at least 35% relative to typical commercial buildings in 2010. This market 

outcome goal is comprised of two goals for the existing and new commercial buildings markets in 

the market leader segment: 

¶ !ÃÈÉÅÖÅ Á σπϷ ÒÅÄÕÃÔÉÏÎ ÉÎ %5) ÉÎ ÍÁÒËÅÔ ÌÅÁÄÅÒÓȭ existing  buildings. 

¶ Cost-effectively design and construct new buildings that consume 50% less energy per 

square foot relative to the average commercial buildings in 2010. 

Building Energy Codes  

The BEC Program accelerates the widespread adoption of improved design and construction 

practices, primarily for new buildings. To reach the 2025 market outcome goal, improvements in 

the typical design and construction of new buildings will need to reduce newly constructed building 

energy use by 40% compared to typical new buildings in 2010. This market goal consists of two 

sector-specific targets: 

                                                             

26 U.S. Energy Information Administration. ñ2009 RECS Survey Data.ò Residential Energy Consumption Survey. 

Washington, DC: U.S. Department of Energy, 2012. Accessed July 18, 2014:  

http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=characteristics 

http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=characteristics
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¶ Cost-effective design and construction of new residential  buildings that will consume 45% 

less energy per square foot relative to typical residential buildings in 2010. 

¶ Cost-effective design and construction of new commercial  buildings that will consume 30% 

less energy per square foot relative to typical commercial buildings in 2010. 

Appliance and Equipment Standards  

By establishing and regularly updating energy conservation standards for more than 60 types of 

residential and commercial energy-using appliances and equipment, the Appliance and Equipment 

Standards Program affects the energy use intensity of virtually all existing and new residential and 

commercial buildings. The related 2025 market outcome goal translates to increases in the 

efficiency of new products that will cut the energy use per square foot of the buildings sector by at 

least 20% from 2010 levels. This market goal is aligned with the pÒÅÓÉÄÅÎÔȭÓ Climate Action Plan 

goal to avoid at least 3 billion metric tons of carbon emissions by 2030.  

1.4.4 Program Performance Goals 

The program performance goals are described in detail in each of the program sections along with 

their linkages to each of the pÒÏÇÒÁÍÓȭ ÓÔÒÁÔÅÇÉÅÓ ÁÎÄ Ôo the interim market goals. Most program 

performance goals are based on quantitative targets for achievement in 2020, relative to a 2010 

baseline. Many are supported by more specific annual or multi-year targets. While some program 

performance goals use metrics directly tied to EUI, most use metrics that rely, at least in part, on 

other quantitative measures of program achievement.  

1.4.5 Tracking Progress Toward  Goals 

BTO is committed to annual assessments of progress toward the achievement of all sector, interim 

market, and program performance goals. The results of these assessments will be posted on the 

BTO website. Progress toward the achievement of the sector and some interim market goals will be 

tracked by referring to updated data and estimates regularly released by the EIA. Progress toward 

the achievement of technology and code improvement targets will be tracked by modeling expected 

changes in the performance of typical residential and commercial buildings based on the actual 

availability of new building technologies and the implementation of more energy efficient building 

energy codes. Progress toward the achievement of other interim market goals and most program 

performance goals will be based on data gathered by BTO on program-specific activities or 

technology advances. In many cases, the current status of program-specific progress is identified in 

the relevant sections below. 

BTO is now developing the specific analytical tools and data gathering and analysis methodologies 

necessary to complete annual assessments of progress toward the achievement of all goals. As 

these tools and methods become available, appropriate documentation will be peer reviewed and 

ultimately made public. 

1.5 The Multi -Year Program Plan  

The sections that follow describe each of B4/ȭÓ ÐÒÏÇÒÁÍÓȟ ÐÒÏÖÉÄÉÎÇ Á ÒÏÁÄÍÁÐ ÆÏÒ ÔÈÅÉÒ ×ÏÒË ÏÖÅÒ 

the next 5 years. Each program section provides an overview of the relevant market characteristics, 
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ÉÎÃÌÕÄÉÎÇ ËÅÙ ÍÁÒËÅÔ ÂÁÒÒÉÅÒÓȟ ÔÈÅ ÐÒÏÇÒÁÍȭÓ ÈÉÓÔÏÒÙ, and a description of the remaining 

opportunities for energy savings. This is followed by a description of each of ÔÈÅ ÐÒÏÇÒÁÍȭÓ ÇÏÁÌÓȟ 

the strategies used to achieve those goals, and a summary of specific program activities and key 

targets.  
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2.0 Emerging Technologies  Introduction  

The Emerging Technologies (ET) Program works with industry, national laboratories, and 

academia to advance the research, development, and commercialization of energy-efficient, cost-

effective building technologies and systems.  

 

The ET Program focuses on improving energy efficiency in four major technology areas: 

¶ Lighting 

¶ Heating, ventilation, and air conditioning (HVAC); water heating; appliances 

¶ Building envelope and windows 

¶ Sensors and controls 

The ET Program also works to advance state-of-the-art in open-source Building Energy Modeling 

(BEM), including improvements and greater use of the EnergyPlus/OpenStudio package.  

These four technology areas are critical to improving building energy efficiency. They represent 

approximately 60% of the energy used in buildings (see Figure 11) and represent an even greater 

share of the potential efficiency gains over the next several decades. Rapid introduction and 

deployment of cost-ÅÆÆÅÃÔÉÖÅ ÔÅÃÈÎÏÌÏÇÉÅÓ ÉÎ ÔÈÅÓÅ ÁÒÅÁÓ ÃÏÕÌÄ ÃÕÔ ÆÕÔÕÒÅ ÂÕÉÌÄÉÎÇÓȭ ÅÎÅÒÇÙ ÕÓÅ ÉÎ 

half, producing net consumer and economic benefits of tens of billions of dollars. BTO recognizes 

the rapidly growing fraction of building energy demand associated with other energy end-uses, 

such as consumer electronics, small appliances, and other end-use technologies that are not the 

focus of the current program. BTO plans to explore R&D opportunities that could lead to significant 

improvements in the efficiency and management of such other energy uses. 

 

Figure 11. Building sector total energy consumption by end use (2014 ) 

Source: U.S. Energy Information Administration. Annual Energy Outlook 2015. DOE/EIA-0383(2015). 

Washington, DC: U.S. Energy Information Administration, 2015. Accessed January 11, 2016: 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf 

The ET Program of the BTO supports research and development of technologies and systems that are 

capable of substantially reducing building primary energy use and accelerates their introduction into 

the marketplace. 

http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf
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The primary focus of the ET Program is applied R&D of relatively near-term building energy 

efficiency technologies (i.e., those that are expected to be commercialized within about 5 years). 

However, the ET Program supports a diverse portfolio, which includes some longer-term energy 

solutions that are at an earlier stage of development.  

The highly fragmented industries and businesses that serve the building sector have historically 

underfunded energy efficiency R&D.27 Even when more energy-efficient, cost-effective technologies 

were available, barriers to investment in such technologies have limited their commercial success 

and further discouraged development efforts. With considerable government support for both 

technology development and deployment, significant improvements have been made in a range of 

building energy technologies over the past 30 years, including the development of energy-efficient 

water heaters, washing machines, refrigerators, and dishwashers. (See Section 1.1 for more 

examples.) Further advances will likely require the development of emergent and potentially 

transformative technologies, such as solid-state lighting. Continued government support is 

necessary to help shoulder some of these risks while greatly accelerating the time it takes for new 

technologies to move from the laboratory to the market. Once in the market, a range of government 

and utility programs are available to spur further  investment in such technologies. 

The ET Sub-Program sections in this Multi-Year Program Plan (MYPP) describe each technology 

area, provide information about the state of the market and current energy use, and discuss specific 

market barriers that inhibit private -sector efforts. 

Emerging Technologies Goals 

The ET ProgramȭÓ goal is:  

¶ To enable the development of cost -effective technologies that will be capable of 

ÒÅÄÕÃÉÎÇ Á ÂÕÉÌÄÉÎÇȭÓ Ånergy use per square foot by 30 % by 2020 , and of cutting a 

ÂÕÉÌÄÉÎÇȭÓ ÕÓÅ ÂÙ τυ% by 2030, relative to 2010 high -efficiency technolog ies.  

Stated another way, the ET ProgramȭÓ goal is to support substantial improvements to the 

technologies that are available to reduce energy use in buildings, and, in general, are much better 

ÔÈÁÎ ÔÈÏÓÅ ÉÎ ÔÈÅ ÉÎÓÔÁÌÌÅÄ ÓÔÏÃËȢ 4ÈÅÒÅÆÏÒÅȟ %4ȭÓ ςπςπ and 2030 goals are defined relative to cost-

effective, energy-efficient technologies available in 2010, simply referred to as the 2010 Energy 

Efficient Technologies Baseline. In the analysis, the 2010 Energy Efficient Technologies Baseline is 

also referred to as the ENERGY STAR baseline, as 2010 ENERGY STAR specifications were used as 

proxies for cost-effective, energy-efficient technologies available in 2010. One way to visualize the 

2020 goal is through bar charts, as depicted in Figure 12 and Figure 13. 

                                                             

27 Vaidyanathan, S. et al. Overcoming Market Barriers and Using Market Forces to Advance Energy Efficiency. 

Research Report E136. Washington, DC: American Council for an Energy Efficient-Economy, 2013. Accessed 

August 22, 2014: http://www.aceee.org/research-report/e136. 

http://www.aceee.org/research-report/e136
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Figure 12. 2020 Commercial buildings energy  
savings goal  

Figure 13. 2020 Residential buildings energy  
savings goal  

 

Source: 2015 U.S. Department of Energy Quadrennial Technology Review, chapter 5 

 

 

For most technologies, BTO uses the corresponding ENERGY STAR specification as the baseline 

from which to measure progress. For technologies that do not have an ENERGY STAR specification, 

BTO relies on either the most recent version of the applicable model energy code or the appropriate 

federal efficiency standard. Examining energy savings relative to the 2010 Energy Efficient 

Technologies Baseline shows how much the ET Program raises the efficiency ceiling for leading-

edge technologies, but it provides only limited insights regarding the effect these technologies 

might have on the actual building stock over time. 

To get a better understanding of the energy savings potential of such technologies relative to the 

building stock, ET uses the BTO Prioritization Tool (P-Tool).28 The most recent analysis conducted 

with the P-Tool used the 5Ȣ3Ȣ %ÎÅÒÇÙ )ÎÆÏÒÍÁÔÉÏÎ !ÄÍÉÎÉÓÔÒÁÔÉÏÎȭÓ ɉ%)!ȭÓɊ Annual Energy Outlook 

(AEO) 2014 projection29 as its baseline. Based on the presumed achievement of the 2020 

performance targets (described in detail in the Sub-Program sections) and stock and flow modeling, 

this analysis estimated the potential energy savings under a number of technology deployment 

scenarios. The analysis concluded that if these technologies were rapidly deployed, which would 

require at least 20 years, they would decrease annual energy consumption of the U.S. building 

                                                             

28 Farese, P.; Gelman, R.; Hendron, R. A Tool to Prioritize Energy Efficiency Investments. NREL/TP-6A20-54799. 

Golden, CO: National Renewable Energy Laboratory. Accessed August 22, 2014: 

http://www.nrel.gov/docs/fy12osti/54799.pdf 
29 U.S. Energy Information Administration. Annual Energy Outlook 2014 with Projections to 2040. DOE/EIA-

0383(2014). Washington, DC: U.S. Department of Energy, April 2014. Accessed June 12, 2014: 

http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf. 

http://www.nrel.gov/docs/fy12osti/54799.pdf
http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf




http://energy.gov/eere/buildings/program-plans-implementation-and-results
http://energy.gov/sites/prod/files/2014/02/f8/Motor%20Energy%20Savings%20Potential%20Report%202013-12-4.pdf
http://energy.gov/sites/prod/files/2014/02/f8/Motor%20Energy%20Savings%20Potential%20Report%202013-12-4.pdf
http://energy.gov/sites/prod/files/2013/11/f5/energy_savings_from_windows_attachments.pdf






http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=consumption#summary


http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf


http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/energysavingsforecast14.pdf




http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf
http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf
http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf


http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/energysavingsforecast14.pdf
http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf








http://energy.gov/sites/prod/files/2015/01/f19/patents_factsheet_jan2015.pdf
http://energy.gov/sites/prod/files/2015/01/f19/patents_factsheet_jan2015.pdf


http://energy.gov/eere/ssl/gateway-demonstrations
http://energy.gov/eere/ssl/gateway-demonstrations
http://www.lightingfacts.com/products
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_lessons-learned_2014.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_lessons-learned_2014.pdf


http://energy.gov/eere/ssl/technical-reports-briefs
http://energy.gov/eere/ssl/caliper-testing
http://energy.gov/eere/ssl/led-lighting-facts


http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.


http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf


http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_heaters/Water_Heater_Market_Profile_2010.pdf
http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_heaters/Water_Heater_Market_Profile_2010.pdf


http://www.ahrinet.org/site/493/Resources/Statistics/Historical-Data
https://www.energystar.gov/ia/partners/downloads/2009_USD_Summary.pdf?9ca2-9053
https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2010_USD_Summary_Report.pdf?ac6a-f243
https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2011_USD_Summary_Report.pdf?17e4-fe0d
https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2011_USD_Summary_Report.pdf?17e4-fe0d


http://www.ahrinet.org/App_Content/ahri/files/Statistics/Monthly%20Shipments/2013/December2013.pdf
http://www.ahrinet.org/App_Content/ahri/files/Statistics/Monthly%20Shipments/2013/December2013.pdf


https://www.ase.org/sites/ase.org/files/ee_commission_building_report_2-1-13.pdf
https://www.ase.org/sites/ase.org/files/ee_commission_building_report_2-1-13.pdf


http://web.ornl.gov/~wlj/hpdm/MarkVI.shtml
http://lccp.umd.edu/ornllccp/


http://energy.gov/eere/buildings/downloads/workshop-1-advanced-hvacr-research-effort


http://www.state.gov/e/oes/eqt/chemicalpollution/83007.htm
http://www.aceee.org/files/proceedings/2010/data/papers/2224.pdf


http://www.energystar.gov/index.cfm?c=water_heat.pr_crit_water_heaters
https://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/27
http://energy.gov/eere/buildings/listings/technology-roadmaps


http://energy.gov/eere/articles/using-magnets-keep-cool-breakthrough-technology-boosts-energy-efficiency-refrigerators
http://energy.gov/eere/articles/using-magnets-keep-cool-breakthrough-technology-boosts-energy-efficiency-refrigerators










http://energy.gov/eere/buildings/downloads/non-vapor-compression-hvac-technologies-report






https://www.eia.gov/analysis/studies/buildings/equipcosts/
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